INTRODUCTION
Sialorrhea or drooling, which is associated with social impediment, is a common problem in patients with Parkinson' s disease (PD) and can impact a patient' s health and quality of life (1, 2, 3) . It is usually caused by oral motor or swallowing dysfunction leading to storage of saliva in the anterior part of the mouth and not by increased salivary secretion (4, 5) . The major salivary glands (two parotid, two submandibular, and two sublingual) account for 90% of the secretion of saliva (6) . Secretory function to the salivary glands are controlled by the parasympathetic nervous system, and botulinum toxin (BT) has been shown to be effective to reduce the production of saliva (7) . It has been suggested that BT injection is the most effective treatment option for Parkinsonian-related sialorrhea (2) .
Several studies have reported the results of a single intraglandular BT injection in the treatment of sialorrhea in neurological disorders (1, 8, 9, 10, 11) . Owing to the fact that BT treatment response is transient and repeated injections are generally required, it is important to evaluate effects of repeated BT treatment in sialorrhea. To the best of our knowledge, only two studies have reported the results of repeated BT injections to treat sialorrhea in neurological disorders (12, 13) . In this study, we aimed to evaluate the efficacy and adverse effect of repeated BT treatment in patients suffering from PD with sialorrhea.
METHODS
A retrospective analysis of 16 patients with sialorrhea treated with onabotulinumtoxinA (BoNT-A; Botox®, Allergan, USA) at our movement disorders outpatient clinic was conducted from February 2009 to September 2013. This analysis was conducted using the detailed medical records of these patients. All the patients were treated and evaluated by the same neurologist in our movement disorders outpatient clinic. Previous treatment options for sialorrhea, such as intraoral tropicamide or oral anticholinergic agents, were inefficient in these patients. All possible adverse effects and risks related to the applications were explained to the patients or their legal guardians, and written informed consent was received before treatment with BoNT-A. One hundred units of BoNT-A were reconstituted with 2 mL of 0.9% NaCl solution (5 units per 0.1 mL), and the toxin was used within 4 h after its reconstitution. All patients were injected into two separate targets in each parotid gland without ultrasound guidance with a 30-gauge insulin syringe. The pre-treatment sialorrhea severity of the patients was measured based on the Drooling Frequency and Severity Scale (DFSS) ( Table 1 ) (14) . The efficacy of each application was routinely evaluated four weeks after BoNT-A injections by a clinical interview with the patients and caregivers using DFSS and according to the subjective assessment of the patients and/or caregivers, which was termed to experienced improvement of sialorrhea. It was assessed using visual analog scale (VAS) as a percentage (0%=no effect-100%=marked improvement). Fifty percent or more indicated an improvement in sialorrhea, and more than a 2-point decrease in the DFSS score was accepted to be effective. In order to evaluate the duration of the efficacy and side effects, all the patients were evaluated with two months intervals. In addition, improvement diaries were also routinely recorded by the patients and/or caregivers. We used 0.5 unit/kg BoNT-A at the first application, and then, the doses of BoNT-A for each application were adjusted according to the severity of sialorrhea and the therapeutic response to the previous injections. The total BoNT-A dose per treatment, BoNT-A dose per target, response latency (days), peak improvement time (days), scores of DFSS before and four weeks after injections, subjective assessment of the patients and/or caregivers, adverse effects, duration of efficacy (weeks), and interval between each injection (weeks) were recorded for each application. The response latency was measured as the time between the injection and the beginning of a reduction in saliva. The peak improvement time was measured as the time between the injection and maximal improvement. The duration of efficacy was calculated as time between the peak improvement after injection and reappearance of sialorrhea symptoms. Re-injections were given to patients who or whose caregiver desired another injection. The injection intervals were not shorter than three months. This study was approved by the local ethics committee of Bakirkoy Research and Training Hospital for Psychiatry, Neurology and Neurosurgery (Istanbul-11.30.2012/51645).
Statistical Analysis
Statistical analysis was performed using Statistical Package for the Social Sciences for Windows (Version 15.0; SPSS Inc. Chicago, IL, USA). Data are presented as mean±standard deviation. The mean sialorrhea severity was assessed before and four weeks after BoNT-A treatments and was compared using paired t-tests. The mean duration of efficacy was also determined for the first and last application and was compared using paired t-tests. p<0.05 was considered to be statistically significant.
RESULTS
Fourteen patients (11 males and three females) with the diagnosis of PD were included in this study. A patient with adult cerebral palsy and a patient with PD who was treated with only a single application were excluded. The mean age of the patients was 70.00±9.82 (range: 56-87) years, the mean duration of follow up after the start of BT treatment was 18.78±10.37 (range: 10-45) months, and the mean application interval was 5.82±2.75 (range: 4-13) months. The total number of applications was 37. Six patients received two, seven patients received three, and one patient received four consecutive treatments. The mean total dose of BoNT-A was 34.35±6.41 (range: 25-45) units. The mean response latency was 4.50±1.09 (range: 3-7) days, the mean peak improvement time was 12.92±2.16 (range: 7-15) days; 90% efficacy was assessed in two patients, 75% efficacy was assessed in nine, and 50% efficacy was assessed in three. BoNT-A was found to be effective in all patients (100%). The mean experienced improvement of sialorrhea was 71.78±12.95% according to the subjective assessment of the patients and/or caregivers. The characteristics of the patients are summarized in Table 2 . DFSS showed a significant decrease at four weeks after the BoNT-A injections in comparison with the pre-treatment values; the mean scores of DFSS before and after injections were 7.00±1.03 and 3.21±0.89, respectively (p=0.001) (Figure 1) . The mean duration of efficacy was 17.67±9.09 (range: 12.5-48) weeks. We found a significant difference between the first and last application in the mean duration of efficacy (17.28±9.21 and 18.03±9.02 weeks, respectively, p=0.001). The details of the results are outlined in Table 3 . No side effects were observed in this study group.
DISCUSSION
A review of the studies that evaluated the effects of BT treatment in sialorrhea showed that the most frequently treated diseases are infant cerebral palsy, PD, and amyotrophic lateral sclerosis (ALS) (12) . Different glands can be selected for the injection; the parotid glands (10), submandibular glands (15, 16) , both the parotid and submandibular glands (13) , and both the parotid and submaxillary glands (12) , but generally, the parotid glands were selected in previous studies (12) . Half the published studies were performed with ultrasound guidance, whereas the other half used anatomical detection of the gland based on palpation (12). We injected Severe-drool drips off chin and onto clothing 4
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BoNT-A into the parotid glands without ultrasound guidance because the parotid glands lie superficially and are easily accessible. In addition, a study that compared these two methods showed that BT injections into the parotid glands do not require ultrasound guidance (10).
The total doses of toxins injected vary from 10 to 100 units of BoNT-A in previously published studies (12) . The mean total dose of BoNT-A was 34.35±6.41 units in this study. It has been reported that the toxin becomes effective within the first two weeks after injection (13) , and the duration of effect is approximately six weeks to seven months (12, 17 Recently, Breheret et al. (12) reported their results of BT treatment in sialorrhea. There were 25 patients with ALS, 14 with PD, 15 with cerebral palsy, and 16 with other diseases in their heterogeneous series. Some patients were treated several times in their study, which was similar to our study. While 5 of their 14 PD patients received a single injection, seven patients received two injections, and two patients received three injections. They proposed an injection of a total dose of 100 units BoNT-A into both the parotid and submaxillary glands in PD patients. They reported that the efficacy was 77% in patients with this disease, and they also added that the efficacy appeared to globally increase with the number of injections among the patients treated by several injection sessions (12) . In another study, which has results of a single BT treatment for sialorrhea in patients with PD, the efficacy was found to be 66% (8) . The efficacy was 100%, and the mean experienced improvement of sialorrhea was 71.78±12.95% in this study. The overall ratios of experienced improvement of sialorrhea were similar after repeated injections of BoNT-A even in a patient whose follow-up was nearly four years (45 months). Our success rate seems to be higher than the results of these studies. However, a patient treated with only a single BoNT-A application was excluded in our study. This patient was the one with inadequate clinical improvement. Therefore, we assumed that this success rate difference is related to the exclusion of this onetime treated patient.
It has been reported that BoNT-A doses greater than 50 units produce much stronger effects compared with doses less than or equal to 50 units (17) . However, BoNT-A was found to be effective in all patients, and the mean total dose of BoNT-A was 34.35±6.41 units in this study. In addition, Breheret et al. (12) did not observe efficacy in 25.4% of their PD cases with a total dose of 100 units BoNT-A. A reason for this may be the interindividual variability for effective total dose of BoNT-A in sialorrhea treatment.
There was no adverse effect in this study, which was similar to other several studies (12, 13) . On the other hand, some adverse effects were reported with the use of BoNT-A for sialorrhea, such as dry mouth, deterioration of dysphagia, chewing difficulties, and recurrent mandibular luxation (5, 18, 19) . It has been suggested that some of these side effects due to spread of the toxin to surrounding tissues (18) . In addition, it was shown that secondary therapy failure after repeated injections of BT in cosmetic treatments and movement disorders treatments (20, 21) . It was also shown that antibody reaction, which is a cause of secondary resistance to BT (22, 23) , correlates with high doses and high frequency of BT treatments (24) . We do not know the risk of developing antibodies against the neurotoxin in sialorrhea treatment. Therefore, it is important to keep the doses low to avoid potential side effects and to prevent antibody production against the neurotoxin. It has been suggested that the evaluation of the efficacy of BT treatment cannot be based on objective parameters because an objective reduction of saliva flow rate is not necessarily correlated with an improvement of sialorrhea and patient comfort (12) . Accordingly, we did not use an objective method for evaluating the efficacy. We evaluated the efficacy of each application using DFSS and experienced improvement of sialorrhea, which are simple and subjective methods. The number of patients was relatively small in this study. However, in both previous studies that we have mentioned, the results of repeated BT treatment for sialorrhea and the number of PD patients were small (one and nine PD patients) (12, 13) . In this study, the total number of applications was 37, and this increased the validity of our results.
In conclusion, this study showed that repeated injections of BoNT-A into the parotid glands is easy, safe, tolerable, and effective in treating sialorrhea in patients with PD. Based on the current results, it seems that there is a maintenance of efficacy after a three-year period and an increase in the mean duration of efficacy with the number of injections. Further prospective clinical studies with a larger number of patients and longer duration of follow-up are needed to confirm and extend our results.
